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type II A1 expression decreases with advancing age by at least 7 -DCt,
corresponding with an 27¼ 128 fold decrease (A). Chondrocyte response
to 1 ng/ml of the ALK5 ligand TGFb1 decreases by over 3.5 DDCt in 8 year
old cartilage compared to 1 year old, corresponding to an 23.5 ¼ 11 fold
decrease, as measured by Serpine1 expression (B). Cellular response to the
ALK1 ligand BMP9 is unaltered with advancing age, as measured by ID-1
expression (C).Aging
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AGE-RELATED LOSS OF THE TRANSFORMING GROWTH FACTOR b
RECEPTOR ALK5 PRECEDES OSTEOARTHRITIS DEVELOPMENT IN
CARTILAGE
A. van Caam, E. Blaney Davidson, E. Thijssen, W. van den Berg,
P. van der Kraan. Radboud Univ. Med. center, Nijmegen, Netherlands
Purpose: Osteoarthritis (OA) is the most common joint disease and
(old) age is its main risk factor. One of OA’s main hallmarks is degra-
dation of articular cartilage. TGFb-superfamily signaling plays an
important role in cartilage homeostasis and maintenance via induction
of Smad phosphorylation (pSmad). pSmad2/3 is a potent inhibitor of
chondrocyte terminal differentiation and cell death, whereas pSmad1/
5/8 induces these processes. In cartilage, two TGFb receptors that
induce Smad phosphorylation are ALK1 for Smad1/5/8 and ALK5 for
Smad2/3. Previously, we have shown an age-related shift in receptor
balance towards dominant Alk1 expression compared to Alk5 expres-
sion, and linked elevated Alk1 levels to increased Mmp13 and ColX
expression and cartilage damage. However, OA development and ageing
are concomitant in mice, and possibly both processes interfere. To
uncouple ageing and OA-related processes, we investigated if age-
related changes in TGFb-superfamily signaling occur without interfer-
ence of the OA process, and if these changes result in an altered cellular
response to growth factors. We chose healthy bovine cartilage explants
as a model system because bovine samples can be obtained in a wide
age range without concurrent OA development.
Methods: From the metacarpophalangeal joint of cows (Bos Taurus) (<
3 h post mortem), full thickness cartilage explants were collected.
Macroscopically none of the animals showed any signs of OA. Samples
were either immediately frozen in liquid nitrogen or, after 24 h equi-
libration in serum free medium, stimulated with growth factors for 24
h. Subsequently, mRNAwas isolated and gene expressionwasmeasured
by qPCR, using cDNA speciﬁc primers and SYBR-green.
Results: Gene expression analysis of bovine explants ranging from 0.5
up to 12 years old showed a very signiﬁcant 128-fold (R2 ¼ 0.68, p <
0.0001) decrease in Col2a1 expression (ﬁg. 1A) and a 3-fold decrease in
Tgfb1 (R2¼ 0.3, p¼ 0.002) expressionwith increasing age compared to 4
reference genes; Gapdh, Rpl22, Rps14 and Gusb. Furthermore, Alk5
expression decreased 4-fold (R2 ¼ 0.3, p ¼ 0.0004) whereas Alk1
expression remained unchanged. This change in receptor expression
was reﬂected in immunohistochemistry, as Alk5 staining decreased
with increasing age, but Alk1 staining did not. Chondrocyte response to
the ALK5 ligand TGFb1 also decreased in the studied age range, because
expression of the Smad2/3p response gene Serpine1 (Pai1) was 11-fold
less (p ¼ 0.01) responsive to 1 ng/ml of TGFb1 in 8 year old cartilage
compared to 1 year old explants (ﬁg. 1B). In contrast, the response of 8
year old cartilage to the ALK1 ligand BMP9 (5 ng/ml) was not sig-
niﬁcantly different compared to 1 year old cartilage as measured by
expression of the Smad1/5/8 response gene Id-1.
Conclusions: The loss of Col2a1 and Tgfb1 expression are two charac-
teristics of ageing cartilage, and conﬁrm our system as valid to study
age-related changes in cartilage. As no signs of OA on macroscopic level
could be detected, changes in TGFb-superfamily receptor expression
occur independently of the OA process. The observed decrease in Alk51063-4584/$ – see front matterexpression results in loss of Smad2/3p signaling in response to TGFb1,
indicating that TGFb1’s cartilage protective function is lost with
increasing age. We propose that this loss of response predisposes
chondrocytes for the OA process.86
INVESTIGATING MOLECULAR MECHANISMS OF AGEING CARTILAGE
USING COMPUTER SIMULATION MODELS
W. Hui, D.A. Young, A.D. Rowan, T.E. Cawston, C.J. Proctor. Newcastle
Univ., Newcastle upon Tyne, United Kingdom
Purpose: The molecular mechanisms involved in age-related osteo-
arthritis are complex and as yet, the role of ageing in the process is not
fully understood. Histochemical and Immunohistochemical data of
knee joint cartilage taken from our aged mice colony, from 3 months to
30 months of age, indicate that many factors are involved. In order to
increase our understanding of the primary mechanisms, we developed
computer simulation models.
Methods: Computer simulation models were constructed in a modular
way and then integrated into one combined model, using the Systems
Biology Markup Language. The models include components for
autophagy, apoptosis, regulation of matrix degrading enzymes, accu-
mulation of protein damage, accumulation of advanced glycation end
products, the NFkB pathway, and TGFb signalling. Due to the observed
cellular heterogeneity, the models were simulated using a stochastic
algorithm (Gillespie direct method) using software tools developed at
Newcastle University and the COPASI biochemical network simulator.
The models were calibrated against histochemical and immunohis-
tochemical data from our agedmice colony at 3, 6, 12, 24 and 30months
of age. We also ﬁtted the model to published kinetic data of signalling
pathways. Different perturbations were made to the model and the
model output was then compared to datasets not used in the model
calibration. The perturbations were also used to test the importance of
each of the components and their interactions.
Results: The histochemical and immunohistochemical data showed
many age-related changes including a decline in autophagy, an increase
in apoptosis, and an increase in levels of oxidised proteins, matrix
